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ABSTRACT
The spectral components of prompt emission of gamma-ray bursts (GRBs) mainly
consist of two possible origins: synchrotron (non-thermal) and photosphere (thermal).
The typically spectral properties of GRBs can be modeled by a dominant non-thermal
component (Band-like function or cutoff power-law), some of them have an additional
thermal component (Planck-like function). In this paper, in order to study how the ther-
mal components affect the non-thermal spectral parameters, we focus on eight Fermi-
GBM bursts of which the spectra deviate from a Band-only function, and the thermal
components are significant. We sort them into thermal-sub-dominant Group I (e.g.
110721A) and thermal-dominant Group II (e.g., 090902B). Several interesting results
are found if assuming the spectrum is totally non-thermal, ignoring the contribution
from the thermal blackbody component: (i) the low-energy photon index α becomes
harder; (ii) the peak energy Ec, is significantly smaller, and lies between the peak tem-
perature of blackbody component and the peak energy of CPL+BB model; (iii) total
flux F , is generally the same; (iv) the changes (∆α and ∆Ec) are positively correlated
with the ratio between the thermal flux and total flux; (v) parameter relations (F − α,
F −Ec and Ec-α) are also changed prominently. Two group samples share the same re-
sults. Our analysis indicates that the thermal component shall be cautiously valued, it
markedly affects the spectral parameters, and the consequent physical interpretations.
Keywords: non-thermal-radiation mechanisms, data analysis-gamma-ray burst: general
1. INTRODUCTION
The synchrotron emission producing non-
thermal photons (Rees & Meszaros 1994;
Meszaros et al. 1994; Daigne & Mochkovitch
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1998; Lloyd & Petrosian 2000; Bosˇnjak et al.
2009; Daigne et al. 2011; Zhang & Yan 2011;
Deng et al. 2015; Lazarian et al. 2018; Geng
et al. 2018) and the photosphere of the fire-
ball (Thompson 1994; Rees & Me´sza´ros 2005;
Pe’er et al. 2006; Giannios 2008; Lazzati &
Begelman 2009; Beloborodov 2009; Ioka 2010;
Beloborodov 2010; Lazzati & Begelman 2010;
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Toma et al. 2011; Ryde et al. 2011; Aksenov
et al. 2013; Pe’er 2008; Beloborodov 2011; Pe’er
& Ryde 2011; Lundman et al. 2013; Be´gue´
et al. 2013; Ruffini et al. 2013; Vereshchagin
2014; Ruffini et al. 2014; Deng & Zhang 2014;
Pe’Er & Ryde 2017; Meng et al. 2018) gen-
erating the Comptonized quasi-thermal pho-
tons are two leading candidates of radiation
mechanism in explaining the gamma-ray bursts
(GRBs) prompt emission. The observed GRB
spectrum in the keV-MeV energy range is usu-
ally described by a non-thermal phenomenolog-
ical Band function (Band et al. 1993) in both
the time-averaged (also called ’time-integrated’)
and the time-resolved spectra. Band function
involves the low-energy and the high-energy seg-
ments, of which the photon indices are α (the
low-energy index, with a typical value ∼ -1.0),
and β (the high-energy index, with a typical
value ∼ -2.2), they are smoothly connected by
a peak energy Epk (with a typical value ∼ 250
keV), in case of νFν spectrum. Although GRBs
generally exhibit a non-thermal Band-like spec-
trum, the thermal component also plays a very
important role at least for some GRBs. The
previous studies suggest that the GRB spec-
tra may contain three basic components (e.g.,
Zhang et al. 2011): (i) Band (broad) spectra
of non-thermal components (dominate type,
most of which are of this type); (ii) The Plank
function of thermal (narrow) spectra, a few ob-
served spectra show this type (e.g., 090902B,
Ryde et al. 2010); (iii) An additional power-law
spectrum component extends to high energy
range, presenting in some Fermi -LAT GRBs.
The observed spectrum of GRB may be com-
binations of two components from these three
basic components, or even be possible to ob-
serve three components simultaneously in one
same GRB (Guiriec et al. 2015).
The observed GRB spectrum is typically de-
scribed by a non-thermal Band function. Some
GRBs have confirmed an additionally weak
blackbody (BB) component embed into the
left shoulder of the Band shape (Band+BB,
e.g., 110721A, Iyyani et al. 2013). The ther-
mal dominant GRBs are rare, the time-resolved
spectral analysis based on the Burst And Tran-
sient Source Experiment (BATSE) on-board the
Compton Gamma Ray Observatory (CGRO)
revealed that a few bright bursts exhibit ther-
mal domination during the entire burst dura-
tion (Ryde 2004; Bosnjak et al. 2006), e.g., GRB
930214, GRB 941023, GRB 951228 (Ryde 2004)
and 990413 (Bosnjak et al. 2006), or only at the
beginning of the burst, see e.g., GRB 910807,
GRB 910927, GRB 911119, GRB 970111, and
GRB 980326 (Ghirlanda et al. 2003). These
results are later confirmed by the observations
of Gamma-ray Burst Monitor (GBM) on-board
the Fermi Gamma-ray Space Telescope (the de-
tail discussion see in §2).
Due to the rarity and the dimness of the ther-
mal component, the common spectral analysis
often adopts only the non-thermal model, it in-
evitably brings bias to those GRBs containing
evident thermal emission. One interesting ques-
tion therefore arise: how does the thermal com-
ponent affect the non-thermal spectral parame-
ters? In this article, we are going to address the
answer by analyzing eight bursts with signifi-
cant thermal components. We fit these GRBs
with and without the inclusion of thermal com-
ponent, then we compare their α, Epk evolution,
and the α-Epk, F − Epk, F − α relations.
The paper is organised as follows. In §2,
we perform the sample selection and the time-
resolved spectral analysis. In §3, we present the
results, including the global parameter evolu-
tion and parameter relations. The conclusions
are presented in §4. Throughout the paper, a
concordance cosmology with parameters H0 =
71 kms−1 Mpc−1, ΩM = 0.30, and ΩΛ = 0.70 is
adopted. The convention Q = 10xQx is adopted
in cgs units.
2. DATA ANALYSIS
Thermal Component in Fermi Gamma-ray Burst observations 3
Compared to the BATSE (25-1800 keV),
Fermi-GBM provides a broader energy range
(8keV-40MeV), which can fully assess all the
current GRB spectral models (e.g., Ghirlanda
et al. 2007). We therefore carry out this task
by working with Fermi-GBM data. Fermi-GBM
(Meegan et al. 2009) contains 12 sodium iodide
(NaI, 8keV-1MeV) detectors (n0 to n9, na and
nb), and 2 bismuth germinate (BGO, 200keV-
40MeV) detectors (b0 and b1). We used the
Time Tagged Event (TTE) data and the stan-
dard response files provided by the GBM team.
We adopt the data from all the triggered NaI
detectors, and one BGO detector. which is cho-
sen depending on the sequence of NaI detectors,
b0 if n0 to n5, and b1 otherwise.
We systematically search for Fermi/GBM
GRBs with the thermal components reported
in previous literature, 13 cases are obtained
in our sample (see Table 1). These bursts
have reported that adding thermal compo-
nents significantly improves the spectral fit-
tings. Here we first review the spectral char-
acteristics reported in the literature. Guiriec
et al. (2011) reported that the spectrum of
GRB100724B is dominated by the typical Band
function, it also includes a statistically highly
significant thermal contribution. Likewise, this
two-component scenario is also reported by a
few other bursts, e.g., GRB081224 (Wilson-
Hodge et al. 2008; Burgess et al. 2014; Iyyani
et al. 2016), GRB100507 (Ghirlanda et al.
2013), GRB100707A (Wilson-Hodge & Foley
2010; Burgess et al. 2014; Iyyani et al. 2016),
GRB090719 (van der Horst 2009; Burgess et al.
2014; Iyyani et al. 2016), GRB101219B (Larsson
et al. 2015), GRB110721A (Axelsson et al. 2012;
Iyyani et al. 2013), GRB 120323A (Guiriec
et al. 2013, 2017), and GRB190114C (Wang
et al. 2019). Ghirlanda et al. (2013) analyzed
the time-resolved spectrum of GRB100507, and
reported the burst has a blackbody spectrum
for the entire duration (∼ 30 s) of the prompt
emission. Guiriec et al. (2013, 2017) argued
that both the time-integrated and time-resolved
spectral analysis in GRB120323A can be sim-
ilarly describe by a two-component scenario,
that thermal emission is observed simultane-
ously with a non-thermal component. Burgess
et al. (2014) reported five bursts (GRB081224,
GRB090719A, GRB100707A, GRB110721A,
and GRB110920A, see also in Iyyani et al.
2016), in order to produce acceptable spec-
tral fits, an additional blackbody component
was required to the synchrotron components
(Band+BB model). Recently, a very bright
GRB, 190114C, was reported in Wang et al.
(2019) that adding a blackbody improves the
fitting over the cutoff power-law only. Be-
sides, Li (2018) recently analysed the time-
resolved spectra of 4 Fermi bright bursts
(GRB140206B, GRB140329B, GRB150330A,
and GRB160625B, see also Zhang et al. 2018)
and find that the thermal component detected
only at the beginning of the burst, and follow-
ing up with a non-thermal synchrotron com-
ponent. Most noteworthy, a few bursts may
show thermal dominate form, which represent
more narrower spectra, with a prominent case
of GRB090902B (Ryde et al. 2010). The emis-
sion of GRB160107A (Kawakubo et al. 2018)
is reported from the jet photosphere combined
with non-thermal emission described by a single
power-law. GRB081221 can be described with
multi-color blackbody spectra (Hou et al. 2018).
The best spectral fitting in GRB110920A is
power-law plus two blackbodies (Iyyani et al.
2015), see also (McGlynn & Fermi GBM Col-
laboration 2012; Shenoy et al. 2013).
The time-resolved spectral analysis in pre-
vious works mainly make use of the frequen-
tist approach, in this paper, we performed the
fully Bayesian analysis package, namely, the
Multi-Mission Maximum Likelihood Framework
(3ML, Vianello et al. 2015) as the main tool
to carry out the time-resolved spectral analyses
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for Fermi-GBM data (see also, Li 2018; Yu et al.
2018). The background is selected, adopting the
data before and after the burst, and fitted with
a polynomial function with automatically deter-
mined order by the 3ML. The source is selected
as the time interval of T90 for each bursts. The
maximum likelihood-based statistics are used,
the so-called Pgstat, given by a Poisson (obser-
vation, Cash 1979)-Gaussian (background) pro-
file likelihood. To perform the time-resolved
spectral analysis, we first rebin the TTE data
by using the Bayesian Blocks method (BBs,
Scargle et al. 2013) with false alarm probability
p0=0.01 to the TTE light curve of one bright-
est NaI detector, then apply it to all other used
detectors. This can be done by selecting the de-
tector with the highest significance during the
source interval for the case of more than one NaI
detectors are triggered, we then use the bright-
est one for the Bayesian block and background
fitting. To better study the time-resolved spec-
tral evolution, we select the number of S/N>20
to be at least greater than 4. The sample then
reduced to 8 bursts with this criterion1. The
spectrum with S/N<20 usually have a huge er-
ror from the fitting.
It is important to address the questions of
whether or not the results obtained from var-
ious fitting tools and binning technique are
consistent with each other. We therefore use
GRB081224 as an example to investigate the
difference of the evolution and relation of pa-
rameter across the 3ML and the RMFIT (ver-
sion 3.3pr7) software packages, and the S/N and
the BBs. To compare the results between 3ML
and RMFIT, we adopt the same time bin in-
formation based on the BBs method, and then
apply it to both the 3Ml and the RMFIT tools.
Based on the 3ML tool, we also compare the re-
1 GRB100507: all 4 bins have S/N<20; GRB101219B:
all 2 bins have S/N<20; and GRB120323A: all 3 bins
S/N<20.
sults from different time bin techniques (S/N
and BBs) and different S/N values (S/N=30
and S/N=40). Temporal evolution of param-
eters (α and Epk) and the relation of parameter
(Epk-α) are presented in Figure 1 and 2, respec-
tively. We find that they all generally present
the same results. The slopes of parameter rela-
tion are also almost the same.
In Table 1, we listed 13 bursts satisfying all
above mentioned criteria (col. 1), along with
their redshift (col. 2), the T90 (col. 3), the
fluence (col. 4) between 10-1000 keV, the de-
tectors used (col. 5), the source (col. 6) and
background (col. 7) intervals, the number of
the bins of S/N> 20/total by using Bayesian
blacks analysis across the source (col. 8), and
the best model suggested in literature (col. 9)
and its reference (col. 10).
Since the thermal component is generally ob-
served in the left shoulder of the Band spec-
trum in the low-energy region (before Epk), its
presence does not affect the high energy β in-
dex (after Epk). Therefore, we uniformly em-
ploy the CPL model to replace the Band func-
tion performing all the spectral fits throughout
the paper. The spectral fitting is performed by
a Markov Chain Monte Carlo (MCMC) fitting
technique based on the 3ML, and the param-
eters of our model in the Monte Carlo fit al-
low in the following range: PL model, index: [-
5,1]; Blackbody model, KT (keV): [1,103]; CPL
model, α: [-5, 1], Ec (keV): [1, 10
4]. The infor-
mative priors are adopted by the typical spec-
tral parameters from Fermi-GBM catalogue:
α ∼ N (µ = −1., σ = 0.5); Ec ∼ N (µ =
−200., σ = 300); β ∼ N (µ = −2.2, σ = 0.5).
The prior distributions are used and multiplied
to the likelihood which combines the model and
the observed data, yielding a posterior distri-
bution of the parameters. The uncertainty is
the 95% confidence interval calculate from the
last 80% of the MCMC chain for 10000 itera-
tions. To select the best model from two dif-
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ferent given models, we adopt the deviance in-
formation criterion (DIC) in this paper, defined
as DIC=-2log[p(data| θˆ)]+2pDIC, where θˆ is the
posterior mean of the parameters, and pDIC is
the effective number of parameters. The pre-
ferred model is the model with the lowest DIC
score. Here we define ∆DIC=(CPL+BB)-CPL,
if ∆DIC is negative, indicating the CPL+BB is
better.
Following the above methodology, we select
the time bins with S/N>202 for having enough
photons to perform a precise spectral fitting.
We first fit the data with a canonical CPL
model, then to check whether adding an addi-
tional blackbody component improves the fit-
ting statistics (DIC). The fitting results evi-
dence the improvement of DIC for the CPL+BB
fit over the CPL fit alone (∆DIC) is at least 10
for all the bins in our sample, some of them
are even as high as hundreds, indicating a firm
detection of blackbody component. Our re-
sults confirm the thermal component of these
13 GRBs as reported in the previous articles.
After Bayesian analysis, we finally sort these
Fermi bursts into two groups depending on
whether the thermal emissions are sub-dominate
(adhering to the left shoulder of Band shape)
or dominate (narrower) components appear in
the observed spectra.
• Group I: bursts for which the thermal
components are typically sub-dominated.
The group is made of 6 GRBs: GRB081224,
GRB110721A, GRB090719, GRB100724,
and GRB190114C. The temporal evolu-
tion of the parameters (α, Ec and F ) are
shown in Figure 3, 4 and 5, and the pa-
rameter relations (F − α, F − Ec and
Ec − α) are displayed in Figure 9 10, and
11.
2 Our selected criteria only consider the number of
spectra with S/N>20 at least greater than 4 for further
analysis.
• Group II: bursts for which the ther-
mal components are dominated. Two
GRBs are in this group: GRB 090902B,
GRB160107. The temporal evolution of
the parameters (α or power-law index,
and F ) are shown in Figure 12, and the
parameter relations (F − α or F− index
are displayed in Figure 13.
To account for the difference of two models
and two groups, we define:
∆DICI = DIC(CPL + BB)−DIC(CPL), (1)
∆DICII = DIC(PL + BB)−DIC(CPL), (2)
∆αI = α(CPL + BB)− α(CPL), (3)
∆αII = index(PL + BB)− α(CPL), (4)
∆Ec = Ec(CPL + BB)− Ec(CPL), (5)
RatioI = FBB/FTotal(CPL + BB), (6)
RatioII = FBB/FTotal(PL + BB). (7)
Their values are presented from Table 2 to Table
7 for each burst.
3. RESULTS
We report the time-resolved spectral fitting re-
sults for each selected burst from Table S1 to
Table S6 for Group I bursts, and from Table S7
to Table S8 for Group II bursts. For each Ta-
ble, we list time interval (Col. 1), signal-to-noise
ratio (Col. 2), parameters of cutoff power-law
alone fitting (α and Ec: Col. 3 - Col. 4), param-
eters of cutoff power-law plus blackbody fitting
(α, Ec and kT : Col. 5 - Col. 7) or parameters
of power-law plus blackbody fitting (power-law
index and kT : Col. 5 - Col. 6), and parameters
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difference (∆αI or ∆αII, ∆Ec, Ratio
I or RatioII,
∆ DICI or ∆ DICII) between these two models
(Group I: Col. 8-Col. 11 and Group II: Col.
7-Col. 9).
3.1. Parameter Evolutions
The evolutionary analysis is performed on the
bins which satisfy the above mentioned criteria
(∆DIC< 0 and S/N>20). We present temporal
evolution of the spectral parameters (α and Ec)
and energy flux (erg cm−2s−1) from Figure 3 to
Figure 5 for the Group I bursts, along with their
GBM light curves.
The comparison of parameters evolution finds
that α is systemically harder (see Figure 3),
and Ec (Figure 4) is significantly smaller in
the CPL model than in the CPL+BB model.
There is no obvious difference for the tempo-
ral evolution of the energy flux fitted by dif-
ferent models for all the cases (Figure 5). Be-
sides, GRB081224, GRB090719, GRB100707,
and GRB190114C present very hard spectra,
the majority of the α indices are beyond the
synchrotron limit (Preece et al. 1998). This
is in agreement with the previous results that
the hard indices are consistent with the thermal
origin. More noteworthy, after adding a ther-
mal component, α generally can be softer even
crosses the synchrotron limit in GRB 190114C.
For the type of the spectral evolution, we find
most of them exhibit the hard-to-soft pattern,
both in Ec- and α- evolution.
To compare the results between bursts and to
investigate the difference quantitatively, we fur-
ther calculate the difference of parameters (∆α
and ∆Ec), as shown in Figure 6. The major-
ity of ∆α are below 0 and ∆Ec are above 0,
which are consistent with the above results. We
also calculate the ratio between the thermal flux
and the total flux (see Figure 6), the ratio is in
the range from ∼ 0.2 % to ∼ 70%. There are
some bursts (e.g. GRB100724B) present no ob-
vious evolution of the ratio, and some present
dramatically evolution within the burst (e.g.
GRB100707).
In order to have a global view on the differ-
ence, we plot the distributions of parameters in
Figure 6. For ∆α, one has ∆α=-0.07±0.15; For
∆Ec, we get log∆Ec=2.41±0.66. These results
indicate that the spectral parameters are promi-
nently changed. The energy flux present two
peaks, with first dominant one peaks around
3×10−6, and the second weak one peaks at
∼10−6. Both the CPL and CPL+BB exhibit
similar behaviors.
To denote the above interesting results, we use
a cartoon picture (Figure 7) to vividly demon-
strate why α hardens and Ec gets smaller by
adding a thermal component. As seen in the
picture, the blackbody component is strong and
it raises the α shape and shifts the peak energy
(Ec) to the left. The stronger the blackbody
emission, the harder the α and the smaller the
Ec become. Typically, the Ec values of CPL
model fall in between the peak of blackbody
emission (kT× 2.8) and Ec of CPL+BB model.
If the blackbody emission is extremely strong,
Ec can be even smaller than the peak of black-
body emission, but must be greater than the
temperature of blackbody.
In order to test our cartoon model, we use one
bin with the biggest ∆ DIC (or highest thermal
ratio) to present the observed spectral variation
between the models. The results are shown in
Figure 8. The blackbody temperature kT , the
Ec of CPL, and CPL+BB for GRB 110721A are
31.24 keV, 398.09 keV, and 943.05 keV, respec-
tively. The peak of blackbody emission, EBB,
is ∼ 87.42 keV (2.8 × kT), therefore, we find
EBB < Ec(CPL)< Ec(CPL+BB). The α index
derived from the CPL model in this bin is -0.90,
harder than that from CPL+BB model (-1.08).
Likewise, the same results are also found
in other cases. For GRB081224, EBB=26.89
keV<Ec(CPL)=222.28 keV<Ec(CPL+BB)=287.38
keV; α(CPL)=-0.57 harder than α(CPL+BB)=-
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0.66. For GRB090719, EBB=29.77 keV<Ec(CPL)=173.84
keV<Ec(CPL+BB)=205.38 keV; α(CPL)=-
0.41 harder than α(CPL+BB)=-0.48. For
GRB100707, EBB=233.21 keV<Ec(CPL)=213.50
keV>Ec(CPL+BB)=700.53 keV; α(CPL)=0.39
harder than α(CPL+BB)=-0.16. It should
be noticed that here Ec is smaller than the
peak of the blackbody temperature, this is
because the thermal component in this bin
is very strong, with the ratio ∼ 30%, which
is much higher than the typical value of the
observation. For GRB100724B, EBB=73.84
keV<Ec(CPL)=444.63 keV<Ec(CPL+BB)=554.95
keV; α(CPL)=-0.81 harder than α(CPL+BB)=-
0.84. For GRB190114C,EBB=312.59 keV<Ec(CPL)=520.86
keV<Ec(CPL+BB)=717.56 keV; α(CPL)=-49
harder than α(CPL+BB)=-0.71.
3.2. Global Parameter Relations
As discussed above, energy flux is generally
the same, α goes to be harder, and Ec be-
come smaller. Therefore, the parameter rela-
tions can be modeled. We assume in a par-
ticular case that all the parameters are corre-
lated as monotonous power-law relations3 (e.g.,
Li et al. 2019). For F − α relation, the slope
are almost the same, but shifting to the left a
little (see the arrows marked in Figure 9). The
quantity of shift depends on how strong of the
blackbody the burst has. For F − Ec relation,
since F ∼ constant, Ec goes smaller, thus, the
slope of the relation ∼ constant and the relation
moves toward the left (see the arrows marked in
Figure 10). The case in Ec − α relation could
be more complicated. General speaking, the re-
lations move towards to the upper left (see the
arrows marked in Figure 11), but the slope of re-
lation could have all three possibilities (greater
than, less than, and equal to) since both Ec and
α may be changed.
3 Here note that F−α and Ec−α relations are denoted
in semi-log space and F − Ec in log-log space.
Figures 9 to 11 show three plots of the pa-
rameter pairs: F − α, F − Ec and Ec − α. It
is observed that in the high-significance cases
(S/N>20) and DIC<0. The majority of cases
in both F − α and F − Ec exhibit monotonous
positive relations, but the relations are shifted.
The Ec−α relation displays a more complicate
behavior (see Figure 11), because both Ec and
α are altered. The observations therefore are
self-similar to the picture as described by the
cartoon.
To have a clear and confident demonstration
of the evolutionary properties of the parame-
ters, we require the burst with strong thermal
emission, and the dramatic thermal evolution.
To determine the prominence of the thermal
component, we calculate the ratio (FBB/FTotal)
between the blackbody thermal flux and total
flux for each burst. We find the ratio varies
from burst to burst, and within a burst, Figure
6 shows the temporal evolution of the flux ratio.
Within Group I, GRB190114C has particularly
significant thermal emission, it owns the highest
averaged ratio ∼ 30%, and all the time-resolved
ratios are greater than 0.1 (marked with dashed
line), this value is much higher than other bursts
with typical thermal ratio 0.01 to 0.1. GRB
100707 has the most obvious variation of ther-
mal ratio within a burst. Its ratios are very
high in the early time but decrease fast with
time, and correspondingly, its spectral param-
eters evolve significantly from the early to the
late time. α derived from the CPL is softer
than that from the CPL+BB, with a range
much higher than the late time. The CPL and
CPL+BB fittings give a significantly diverse Ec
in the early time, but a similar value in the late
time. Both α and Ec evolve consistently as de-
scribed by the cartoon.
3.3. The results in Thermal-domnated Case
The temporal evolution of parameters for the
thermal-dominated cases (Group II) with its
differences are shown in Figure 12. We find
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the ∆αII (Group II) are much greater than ∆αI
(Group I), this would be consistent with the fact
that a narrower spectrum leading to more ob-
vious results. The parameters relations for our
Group II bursts are presented in Figure 13, the
F−α relation has a marked tendency of moving
to the left, which is consistent with the results in
Group I. In Figure 14, we present the observed
spectral variation between the CPL and the
PL+BB models. For GRB090902B, EBB=640.1
keV<Ec(CPL)=2732.34 keV; α(CPL)=-1.14
much harder than the index (PL+BB)=-1.74.
Similarly, the same result are also found in
GRB160107, EBB=32.8 keV<Ec(CPL)=492.5
keV; α(CPL)=-1.72 harder than the index
(PL+BB)=-1.88.
The results indicate that two Groups bursts
share the same results, but the magnitude of
parameter variation for Group II is much higher
than Group I.
4. CONCLUSION
In this paper, we analyzed the Fermi-GBM
bursts of which the thermal components signif-
icantly contribute the observed spectra, as re-
ported in previous literature and confirmed by
our Bayesian analysis. Our samples are studied
in two groups depending on whether the ther-
mal component is dominant or not. We inves-
tigated how the thermal components affect the
non-thermal spectral parameters, by comparing
the spectral parameters between the CPL+BB
(or PL+BB) model and CPL alone models. Our
analysis supports the fact that if ignoring the
strong blackbody component, the spectral pa-
rameters from the CPL model alone fitting it
misleading. We discussed in detail on two ideal
cases: GRB 190114C and GRB 100707, all their
characteristics of the spectral evolution comply
to the paradigm described in the cartoon.
In summary, we reach the following conclu-
sions:
• Low-energy photon index α: α derived
from the CPL only model is harder than it
from the CPL+BB model (Group I), par-
ticularly in the cases of which the PL+BB
(Group II) is the best model.
• Peak energy Ec: Ec derived from CPL
only is significantly less than the CPL+BB
model, but typically greater than the peak
of the blackbody temperature (kT and kT
× 2.8).
• Parameters relations: both the F −α and
F −Ec relations are generally present the
same slope with an offset, whereas Ec-α
relation are possibly altered in all cases.
• The magnitude of change of spectral pa-
rameters (∆α and ∆Ec, α goes to harder
and Ec goes to smaller) are positively
monotonous correlated with the intensity
(FBB/FTotal) of the thermal components.
We conclude that if the thermal component
is present and strong in a GRB, the spectral
parameters from the fitting adopting only the
non-thermal model significantly deviate from
parameters from the proper fitting considering
the non-thermal model with an additional ther-
mal component. We caution that the existence
of thermal component shall be duly examined
during the GRB spectral analysis.
I would like to wish thanks to Prof. Fe-
lix Ryde, and Dr. Yu Wang for useful dis-
cussions. I particularly thanks to the support
from Prof. Remo Ruffini. This research made
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Figure 1. Temporal evolution of spectral parameters of GRB081224: α (left panel) and Epk (right panel).
Data points with blue, red, orange, and green indicate the cases of RMIT+BBs, 3ML+BBs, 3ML+SNR(=30)
and 3ML+SNR(=40), respectively. Light curves are overlaid in grey colour.
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Figure 2. The relation of Epk−α of GRB081224. The symbols are the same as Figure 1 but for the relation
of Epk − α. The solid lines represent the slopes of different cases.
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Figure 3. Temporal evolution of α. Data points with orange and pink indicate the CPL+BB model and
the CPL alone model, respectively. Light curves are overlaid in grey colour. The horizontal dashed line
represents the limiting value of α=-2/3.
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Figure 4. Same as Figure 3, but for the temporal evolution of Ec.
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Figure 5. Same as Figure 3, but for the temporal evolution of energy flux.
Thermal Component in Fermi Gamma-ray Burst observations 17
10-1 100 101 102 103
Time (s)
2.0
1.5
1.0
0.5
0.0
0.5
1.0
∆
α
081224
090719
100707
100724
110721A
190114C
090902B
160107
2.0 1.5 1.0 0.5 0.0 0.5 1.0
α,∆α
0
5
10
15
20
25
30
N
u
m
b
e
rs
CPL+BB: α=-0.85±0.35
CPL: α=-0.82±0.40
(CPL+BB)-CPL: ∆α=-0.07±0.15
10-1 100 101 102 103
Time (s)
0
1000
2000
3000
4000
5000
6000
∆
E
c
081224
090719
100707
100724
110721A
190114C
100 101 102 103 104
Ec,∆Ec(keV)
0
5
10
15
20
25
30
35
N
u
m
b
e
r
CPL+BB: log Ec=2.76±0.49
CPL: log Ec=2.58±0.37
(CPL+BB)-CPL: log ∆Ec=2.41±0.66
10-1 100 101 102 103
Time (s)
10-3
10-2
10-1
100
R
a
ti
o
 (
F
B
B
/F
T
o
ta
l)
081224
090719
100707
100724
110721A
190114C
090902B
160107
10-7 10-6 10-5 10-4 10-3
Flux 
 (10−6erg cm−2s−1)
0
2
4
6
8
10
12
14
N
u
m
b
e
r
CPL
(CPL+BB)-CPL
Figure 6. Left panels: temporal evolution of the difference and the flux ratio (FBB/Ftot) between CPL+BB
(or PL+BB) model and CPL-alone model; Right panels: distributions of α, Ec, flux, ∆α and ∆Ec for global
sample. The horizontal dashed lines represent the value of α, Ec=0 and ratio=0.1.
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Figure 8. Comparison of the time-resolved spectral fit results between CPL+BB model and CPL-alone
model in one bin for each burst. The bins with the biggest negative DIC or the highest thermal ratio are
used: (3.69s-4.65s) for GRB081224, (4.30s-6.87s) for GRB090719, (0.42s-1.40s) for GRB100707, (63.72s-
70.33s) for GRB 100724B,(5.74s-6.66s) for GRB 110721A, and (2.7s-5.5s) for GRB 190114C, respectively.
The solid line represents the total model while two dash lines represent blackbody component (orange) and
CPL component (cyan). Four vertical dashed lines represent the blackbody temperature (red), the peak
energy of thermal component (blue), the cutoff peak energy (Ec) of CPL-alone model (green) and CPL+BB
model (black), respectively
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Figure 9. Relation of F −α. Data points with grey and orange indicate the CPL+BB model and the CPL
alone model, respectively. The trend from CPL+BB to CPL alone is marked by an arrow for each burst.
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Figure 10. Same as Figure 9, but for F − Ec relation.
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Figure 11. Same as Figure 9, but for Ec-α relation.
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Figure 12. Same as Figure 3, but for Group II bursts.
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Figure 13. Same as Figure 9, but for Group II bursts.
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Figure 14. Same as Figure 8, but for Group II bursts. The bins (8.04s-9.23s) for GRB 090902B and
(18.09s-27.82s) for GRB 160107 are used.
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APPENDIX
Additional Figure present the relation of Epk − α of GRB081224 for different fitting tools and
different binning technique.
Additional tables present the results of the time-resolved spectral fits for each burst, including time
interval (Col. 1), signal-to-noise ratio (Col. 2), parameters of cutoff power-law alone fitting (α and
Ec: Col. 3 - Col. 4), parameters of cutoff power-law plus blackbody fitting (α, Ec and kT : Col. 5 -
Col. 7) or parameters of power-law plus blackbody fitting (power-law index and kT : Col. 5 - Col.
6), and parameters difference (∆αI or ∆αII, ∆Ec, Ratio
I or RatioII, ∆ DICI or ∆ DICII) (Group I:
Col. 8-Col. 11 and Group II: Col. 7-Col. 9).
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Figure S1. The relation of Epk−α for different cases: (i) Rmfit vs. 3ML (timebin following the same BBs
method and the same time interval is used to each bin for both tools.); (ii) S/N=30 vs. S/N=40 based on
the 3ML tool; (iii) BBs vs. S/N=30 based on the 3ML tool; (iv) BBs vs. S/N=40 based on the 3ML tool.
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Table S1. Results of the Time-resolved Spectral Fits of GRB 081224
t1∼t2 S/N
Cutoff Power-Law Fitting Cutoff Power-Law plus Blackbody Fitting Difference
α Ec α Ec kT ∆αI ∆Ec RatioI ∆DICI
(s) (keV) (keV)
-0.09∼0.35 14.47 -0.55+0.14−0.14 1156.9+422.5−410.3 -0.58+0.12−0.12 1244.2+431.7−417.9 155.8+107.9−105.8 -0.03+0.26−0.26 87.3+854.1−828.1 0.0+0.0−0.0 -21.9
0.35∼1.76 48.23 -0.13+0.05−0.05 342.6+22.2−22.4 -0.20+0.11−0.12 337.4+54.8−54.8 129.1+53.6−74.8 -0.07+0.16−0.17 -5.2+77.0−77.2 0.09+0.51−0.10 -55.3
3.69∼4.65 45.88 -0.57+0.05−0.05 222.3+19.4−19.1 -0.66+0.10−0.10 287.4+65.7−64.7 26.9+9.7−16.0 -0.09+0.15−0.15 65.1+85.1−83.8 0.05+0.15−0.06 -378.3
4.65∼5.97 40.97 -0.67+0.05−0.05 201.7+18.7−18.5 -0.67+0.05−0.06 198.2+20.1−19.1 104.0+67.5−67.5 0.00+0.10−0.11 -3.5+38.8−37.6 0.0+0.03−0.0 -16.8
5.97∼6.95 28.07 -0.67+0.08−0.08 172.9+23.7−23.7 -0.67+0.12−0.12 187.8+31.1−36.5 15.1+12.5−10.5 0.00+0.20−0.20 15.0+54.9−60.2 0.01+0.24−0.01 -61.7
6.95∼8.54 27.23 -0.70+0.09−0.09 140.6+19.0−19.0 -0.69+0.17−0.16 148.3+28.1−32.4 14.5+13.1−9.1 0.01+0.26−0.25 7.7+47.1−51.4 0.01+0.40−0.01 -188.4
8.54∼10.00 18.29 -0.75+0.12−0.13 134.1+26.3−26.0 -0.71+0.16−0.14 132.0+25.8−25.1 4.0+3.6−2.9 0.04+0.28−0.27 -2.1+52.1−51.2 0.01+0.65−0.01 -2060.9
Table S2. Results of the Time-resolved Spectral Fits of GRB 090719
t1∼t2 S/N
Cutoff Power-Law Fitting Cutoff Power-Law plus Blackbody Fitting Difference
α Ec α Ec kT ∆αI ∆Ec RatioI ∆DICI
(s) (keV) (keV)
-0.14∼0.42 15.02 -0.26+0.15−0.15 433.4+101.0−101.3 -0.95+0.25−0.27 2230.2+1535.5−1390.1 107.3+14.6−10.4 -0.69+0.40−0.42 1796.9+1636.5−1491.4 0.35+0.99−0.27 -7.8
0.42∼0.89 21.01 0.03+0.13−0.13 197.4+25.0−24.6 -0.16+0.26−0.31 221.3+50.0−65.3 83.4+30.1−37.8 -0.19+0.39−0.44 23.9+75.0−89.9 0.16+0.79−0.19 -30.0
0.89∼3.16 62.62 0.01+0.05−0.05 110.4+5.0−5.0 0.25+0.20−0.20 74.9+26.9−22.0 85.7+21.3−13.4 0.24+0.25−0.25 -35.5+31.9−26.9 0.28+0.81−0.29 -99.6
3.16∼4.30 53.97 -0.43+0.05−0.05 209.8+13.9−13.9 -0.45+0.09−0.08 228.9+34.1−32.1 25.5+16.5−20.4 -0.02+0.14−0.13 19.1+48.0−46.0 0.02+0.50−0.02 -3658.8
4.30∼6.87 106.00 -0.41+0.02−0.02 173.8+5.8−5.8 -0.48+0.05−0.05 205.8+15.5−15.7 29.8+4.1−4.0 -0.07+0.07−0.07 32.0+21.4−21.5 0.06+0.06−0.03 -22.1
6.87∼7.59 43.30 -0.46+0.06−0.06 121.3+9.2−9.1 -0.47+0.07−0.07 120.3+13.7−11.6 38.2+25.5−27.5 -0.01+0.13−0.13 -1.0+22.9−20.7 0.01+1.23−0.02 -351.5
7.59∼9.32 41.19 -0.71+0.07−0.07 96.8+8.2−8.2 -0.72+0.14−0.13 95.2+11.2−12.5 20.4+17.9−15.6 -0.01+0.21−0.20 -1.5+19.4−20.8 0.02+3.38−0.03 -7936.8
9.32∼11.98 34.50 -1.07+0.08−0.08 98.3+12.1−12.2 -0.81+0.28−0.28 64.2+34.6−30.4 49.4+29.2−35.9 0.26+0.36−0.36 -34.1+46.7−42.6 0.10+2.80−0.11 -7169.2
11.98∼15.00 18.36 -1.22+0.14−0.14 92.2+21.8−22.3 -1.13+0.16−0.20 76.1+24.7−22.1 83.7+43.4−59.2 0.09+0.30−0.34 -16.1+46.5−44.4 0.04+2.34−0.04 -601.6
28 Li.
Table S3. Results of the Time-resolved Spectral Fits of GRB 100707
t1∼t2 S/N
Cutoff Power-Law Fitting Cutoff Power-Law plus Blackbody Fitting Difference
α Ec α Ec kT ∆αI ∆Ec RatioI ∆DICI
(s) (keV) (keV)
-0.05∼0.21 10.40 0.01+0.28−0.29 540.9+230.6−219.5 -0.88+0.15−0.14 16110.7+11367.1−9119.0 131.5+12.3−12.3 -0.89+0.43−0.43 15569.8+11597.7−9338.6 0.31+0.43−0.19 18.1
0.21∼0.67 29.61 0.35+0.11−0.11 283.2+27.6−27.6 -0.35+0.16−0.15 1109.0+305.9−311.1 114.3+7.6−7.5 -0.70+0.27−0.26 825.8+333.6−338.8 0.34+0.37−0.17 -21.5
0.67∼1.40 58.35 0.39+0.06−0.06 213.5+10.3−10.4 -0.16+0.23−0.23 700.5+262.7−247.5 83.3+5.4−6.0 -0.55+0.29−0.29 487.0+273.0−257.9 0.35+0.71−0.19 -113.5
1.40∼2.22 74.87 0.22+0.04−0.04 193.4+7.5−7.5 0.06+0.13−0.13 334.4+49.0−47.6 56.7+3.4−3.4 -0.16+0.17−0.17 141.0+56.5−55.1 0.24+0.18−0.10 -92.6
2.22∼3.71 78.71 0.07+0.04−0.04 134.5+5.0−4.9 -0.10+0.09−0.09 229.2+24.6−25.0 36.6+1.8−1.8 -0.17+0.13−0.13 94.7+29.6−29.9 0.22+0.11−0.08 -112.3
3.71∼5.02 62.78 -0.08+0.05−0.05 95.2+4.2−4.2 -0.36+0.13−0.13 168.9+30.6−30.8 26.4+1.9−1.9 -0.28+0.18−0.18 73.6+34.8−35.1 0.21+0.13−0.09 -46.5
5.02∼6.00 42.15 -0.29+0.06−0.06 99.5+7.0−7.0 -0.27+0.17−0.16 110.8+19.6−18.6 17.6+7.1−6.3 0.02+0.23−0.22 11.3+26.5−25.6 0.05+0.28−0.05 -66.5
6.00∼7.87 41.74 -0.29+0.06−0.06 92.9+6.0−6.0 -0.64+0.18−0.18 166.2+44.3−46.6 26.1+2.6−2.3 -0.35+0.24−0.24 73.2+50.3−52.6 0.19+0.18−0.12 -18.5
7.87∼11.91 48.38 -0.26+0.05−0.05 75.5+3.9−3.9 -0.28+0.09−0.09 76.8+6.6−6.7 35.8+36.2−26.5 -0.02+0.14−0.14 1.3+10.5−10.5 0.02+1.88−0.02 -1006.6
11.91∼14.94 29.94 -0.64+0.08−0.08 81.1+7.7−7.7 -0.70+0.20−0.25 92.1+25.3−22.2 18.9+7.5−14.5 -0.06+0.28−0.33 11.0+33.0−29.9 0.01+1.63−0.01 -5583.8
14.94∼20.00 26.78 -1.01+0.10−0.09 73.6+9.9−9.9 -0.98+0.10−0.11 68.3+10.8−10.8 47.5+30.1−32.4 0.03+0.20−0.20 -5.4+20.8−20.7 0.01+0.15−0.01 -15.3
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Table S4. Results of the Time-resolved Spectral Fits of GRB 100724B
t1∼t2 S/N
Cutoff Power-Law Fitting Cutoff Power-Law plus Blackbody Fitting Difference
α Ec α Ec kT ∆αI ∆Ec RatioI ∆DICI
(s) (keV) (keV)
-1.00∼1.19 9.66 -0.96+0.14−0.15 502.4+244.3−232.7 -0.92+0.21−0.21 632.9+517.7−377.2 14.6+12.1−11.2 0.04+0.35−0.36 130.5+762.1−610.0 0.01+0.59−0.01 -687.1
1.19∼6.72 25.69 -1.02+0.03−0.03 1880.0+404.9−404.6 -0.99+0.05−0.05 2119.6+431.1−434.4 26.9+4.8−5.2 0.03+0.08−0.08 239.5+836.0−839.0 0.01+0.03−0.01 -21.8
6.72∼8.32 22.18 -0.86+0.06−0.06 920.1+243.3−241.6 -0.90+0.09−0.09 1219.9+451.4−452.1 38.4+24.5−24.5 -0.04+0.15−0.15 299.8+694.8−693.7 0.01+0.19−0.01 -112.9
8.32∼10.73 39.04 -0.90+0.06−0.06 1074.7+330.8−306.5 -1.00+0.04−0.04 2946.0+485.3−479.2 38.3+3.4−3.4 -0.10+0.10−0.10 1871.4+816.1−785.6 0.04+0.03−0.02 -63.9
10.73∼11.92 36.78 -0.90+0.05−0.05 1243.2+302.6−312.0 -1.02+0.04−0.04 2933.3+627.6−622.9 48.7+6.8−6.9 -0.12+0.09−0.09 1690.1+930.1−934.9 0.04+0.05−0.02 -41.9
11.92∼14.49 41.85 -0.82+0.04−0.04 625.7+78.9−79.4 -0.95+0.05−0.05 1705.8+384.9−392.5 34.8+3.1−3.2 -0.13+0.09−0.09 1080.1+463.8−472.0 0.05+0.03−0.02 -44.9
14.49∼18.34 65.31 -0.97+0.02−0.02 1737.3+220.4−223.5 -1.05+0.02−0.02 3502.9+378.4−376.5 48.5+3.8−3.8 -0.08+0.04−0.04 1765.5+598.9−599.9 0.04+0.02−0.02 -130.2
18.34∼25.16 68.80 -0.88+0.02−0.02 653.0+55.3−55.7 -1.04+0.03−0.03 1860.3+374.4−370.1 37.1+3.2−3.2 -0.16+0.05−0.05 1207.3+429.7−425.7 0.04+0.02−0.02 -48.9
25.16∼26.98 27.72 -0.90+0.06−0.06 541.3+103.6−102.2 -0.90+0.06−0.07 588.5+133.6−136.9 14.6+11.2−11.6 0.00+0.12−0.13 47.2+237.2−239.1 0.01+0.56−0.01 -2108.9
26.98∼32.17 34.57 -1.04+0.04−0.04 604.6+109.5−110.9 -1.24+0.04−0.05 4271.4+1687.0−1711.8 29.4+3.5−3.4 -0.20+0.08−0.09 3666.8+1796.5−1822.7 0.04+0.03−0.02 -22.3
32.17∼38.35 27.64 -1.07+0.06−0.06 465.8+100.7−103.1 -1.28+0.06−0.07 3000.1+1671.9−1673.7 26.7+2.9−2.9 -0.21+0.12−0.13 2534.3+1772.6−1776.8 0.06+0.06−0.04 -27.1
38.35∼40.27 41.93 -0.89+0.04−0.04 493.3+64.8−64.4 -0.95+0.06−0.06 846.0+197.3−208.7 25.3+3.2−3.2 -0.06+0.10−0.10 352.7+262.1−273.0 0.05+0.05−0.03 -29.8
40.27∼41.57 27.68 -0.86+0.06−0.06 381.1+68.2−68.8 -1.05+0.10−0.10 1077.9+462.1−480.7 31.3+4.5−4.4 -0.19+0.16−0.16 696.8+530.4−549.5 0.08+0.09−0.05 -22.5
41.57∼45.13 32.65 -0.89+0.05−0.05 272.1+37.1−37.3 -0.95+0.08−0.09 429.8+104.0−106.7 19.9+3.0−3.1 -0.06+0.13−0.14 157.8+141.0−144.0 0.06+0.09−0.04 -26.3
45.13∼48.00 43.13 -0.90+0.04−0.04 424.0+50.7−49.7 -0.95+0.07−0.07 563.3+159.8−148.3 26.2+9.9−14.1 -0.05+0.11−0.11 139.3+210.4−198.0 0.03+0.10−0.03 -56.2
48.00∼54.09 37.12 -0.98+0.05−0.05 340.7+49.3−49.4 -1.24+0.08−0.08 1433.2+816.5−741.0 29.9+2.8−2.8 -0.26+0.13−0.13 1092.5+865.9−790.5 0.09+0.08−0.04 -27.3
54.09∼58.33 66.51 -0.83+0.02−0.02 446.2+31.8−31.9 -0.83+0.04−0.04 562.3+63.0−63.0 23.6+2.6−2.5 0.00+0.06−0.06 116.1+94.9−94.9 0.04+0.03−0.02 -40.6
58.33∼59.48 48.64 -0.80+0.04−0.04 457.7+45.1−45.4 -0.85+0.05−0.05 597.6+103.5−106.4 29.3+5.5−5.2 -0.05+0.09−0.09 139.9+148.5−151.8 0.04+0.05−0.03 -18.2
59.48∼60.99 63.64 -0.79+0.03−0.03 386.6+30.1−30.1 -0.84+0.06−0.06 523.0+84.1−84.8 29.1+5.0−5.0 -0.05+0.09−0.09 136.4+114.2−115.0 0.04+0.06−0.03 -25.0
60.99∼62.17 46.49 -0.74+0.04−0.04 371.4+37.1−37.0 -0.81+0.06−0.06 631.7+114.6−116.5 27.9+2.4−2.4 -0.07+0.10−0.10 260.3+151.8−153.5 0.07+0.05−0.03 -43.4
62.17∼63.72 70.70 -0.82+0.03−0.03 608.0+51.1−50.6 -0.92+0.04−0.04 1239.9+247.0−250.8 32.2+3.1−3.1 -0.10+0.07−0.07 631.9+298.1−301.4 0.04+0.03−0.02 -51.9
63.72∼70.33 107.98 -0.81+0.02−0.02 444.6+19.3−19.5 -0.84+0.02−0.02 555.0+41.0−41.1 26.4+2.5−2.4 -0.03+0.04−0.04 110.3+60.3−60.6 0.03+0.02−0.01 -53.1
70.33∼73.24 52.97 -0.82+0.03−0.03 369.6+32.2−32.4 -0.96+0.06−0.06 758.0+162.6−165.2 29.0+2.7−2.6 -0.14+0.09−0.09 388.3+194.8−197.5 0.07+0.05−0.03 -45.2
73.24∼74.33 44.68 -0.76+0.04−0.04 457.1+45.8−46.5 -0.74+0.06−0.06 509.0+71.4−71.4 22.8+5.6−5.0 0.02+0.10−0.10 51.9+117.2−117.9 0.02+0.06−0.02 -19.1
73.24∼74.33 44.68 -0.76+0.04−0.04 454.7+44.6−44.7 -0.74+0.06−0.06 509.0+71.4−71.4 22.8+5.6−5.0 0.02+0.10−0.10 54.3+116.0−116.1 0.02+0.06−0.02 -18.9
74.33∼76.18 72.29 -0.77+0.02−0.02 462.5+30.5−31.2 -0.80+0.04−0.04 649.7+77.9−77.2 27.7+2.4−2.4 -0.03+0.06−0.06 187.2+108.4−108.5 0.05+0.03−0.02 -54.7
76.18∼78.39 54.59 -0.87+0.03−0.03 404.1+37.4−37.8 -0.87+0.05−0.05 484.5+64.9−67.2 21.4+3.6−3.4 0.00+0.08−0.08 80.4+102.3−105.0 0.03+0.05−0.02 -21.6
78.39∼80.02 31.16 -0.91+0.06−0.06 343.5+57.4−58.9 -1.16+0.13−0.12 1322.5+1084.5−791.9 32.9+5.2−4.6 -0.25+0.19−0.18 979.0+1141.8−850.7 0.09+0.14−0.07 -24.8
80.02∼87.06 27.17 -1.04+0.06−0.06 456.6+113.1−113.6 -1.32+0.06−0.06 5473.5+3753.6−3310.6 31.2+3.3−3.4 -0.28+0.12−0.12 5016.9+3866.7−3424.1 0.06+0.05−0.03 -22.5
87.06∼111.46 20.87 -1.03+0.08−0.08 406.9+116.0−115.2 -1.29+0.07−0.06 4054.7+2267.9−2249.9 26.5+2.5−2.5 -0.26+0.15−0.14 3647.8+2383.8−2365.2 0.07+0.06−0.04 -26.9
111.46∼113.08 14.92 -1.24+0.08−0.08 1283.4+659.0−627.9 -1.22+0.09−0.09 1224.3+608.7−583.2 6.6+4.8−4.8 0.02+0.17−0.17 -59.1+1267.7−1211.1 0.0+0.28−0.00 -487.8
113.08∼117.17 12.19 -1.15+0.17−0.17 260.2+126.6−120.3 -1.51+0.24−0.21 1461.5+1335.2−1184.0 23.6+6.6−5.8 -0.36+0.41−0.38 1201.3+1461.8−1304.2 0.11+0.29−0.11 -7.5
117.17∼121.70 22.60 -1.03+0.10−0.10 153.3+29.7−30.2 -0.87+0.33−0.31 56.0+36.3−31.7 41.6+4.9−4.7 0.16+0.43−0.41 -97.3+66.0−61.9 0.44+0.62−0.33 -78.5
121.70∼123.12 21.20 -1.01+0.10−0.10 190.8+43.0−43.8 -1.20+0.24−0.23 418.2+288.3−246.4 20.7+8.3−14.3 -0.19+0.34−0.33 227.4+331.2−290.3 0.10+0.60−0.11 -2049.3
123.12∼125.45 9.00 -0.81+0.24−0.25 126.5+47.2−48.2 -1.27+0.67−0.69 35.2+20.3−19.6 29.6+3.0−3.3 -0.46+0.91−0.94 -91.3+67.6−67.8 0.59+0.69−0.38 -14.1
125.45∼126.92 18.13 -1.18+0.11−0.11 302.0+102.6−108.5 -1.32+0.17−0.18 555.4+375.9−316.8 23.1+10.2−15.5 -0.14+0.28−0.29 253.4+478.5−425.3 0.06+0.72−0.07 -171.4
126.92∼130.80 41.82 -0.91+0.06−0.06 142.0+15.6−15.9 -0.91+0.07−0.07 136.8+19.6−18.4 81.1+64.7−53.3 0.00+0.13−0.13 -5.2+35.2−34.3 0.02+1.38−0.02 -382.2
130.80∼135.52 23.19 -1.32+0.12−0.13 217.3+75.6−81.0 -1.62+0.12−0.13 1693.0+1484.9−1269.8 16.3+3.8−3.1 -0.30+0.24−0.26 1475.6+1560.5−1350.8 0.08+0.16−0.07 -12.0
30 Li.
Table S5. Results of the Time-resolved Spectral Fits of GRB 110721A
t1∼t2 S/N
Cutoff Power-Law Fitting Cutoff Power-Law plus Blackbody Fitting Difference
α Ec α Ec kT ∆αI ∆Ec RatioI ∆DICI
(s) (keV) (keV)
0.00∼0.47 33.73 -0.95+0.02−0.02 6645.3+757.3−754.8 -0.97+0.03−0.03 7958.1+1208.0−1206.1 122.8+40.1−41.6 -0.02+0.05−0.05 1312.9+1965.3−1960.9 0.02+0.08−0.02 -29.3
0.47∼1.96 77.74 -0.94+0.01−0.01 1858.8+127.2−127.1 -0.94+0.02−0.02 2387.9+181.9−180.9 39.6+3.1−3.1 0.00+0.03−0.03 529.1+309.1−308.0 0.03+0.01−0.01 -94.7
1.96∼2.97 74.04 -0.90+0.03−0.03 398.1+30.9−31.3 -1.08+0.04−0.04 943.0+177.3−179.2 31.2+2.4−2.4 -0.18+0.07−0.07 545.0+208.2−210.5 0.08+0.04−0.03 -62.0
2.97∼3.70 49.77 -1.13+0.04−0.04 477.2+64.9−65.2 -1.22+0.06−0.06 909.3+248.3−255.8 23.7+4.1−4.2 -0.09+0.10−0.10 432.1+313.2−321.0 0.05+0.07−0.03 -24.8
3.70∼4.90 45.72 -1.28+0.03−0.03 821.9+160.2−162.8 -1.29+0.05−0.05 1025.2+280.7−292.0 15.1+6.2−4.8 -0.01+0.08−0.08 203.3+440.9−454.8 0.02+0.08−0.02 -131.3
4.90∼6.25 36.04 -1.28+0.04−0.04 1020.3+275.7−294.6 -1.29+0.07−0.08 1292.5+574.3−535.6 18.8+20.5−12.8 -0.01+0.11−0.12 272.2+850.0−830.2 0.0+0.34−0.00 -308.9
9.03∼12.00 19.07 -1.12+0.08−0.08 409.5+109.9−114.1 -1.22+0.15−0.18 825.7+601.1−491.2 22.1+16.0−16.7 -0.10+0.23−0.26 416.2+711.0−605.2 0.02+0.50−0.02 -2478.7
Table S6. Results of the Time-resolved Spectral Fits of GRB 190114C
t1∼t2 S/N
Cutoff Power-Law Fitting Cutoff Power-Law plus Blackbody Fitting Difference
α Ec α Ec kT ∆αI ∆Ec RatioI ∆DICI
(s) (keV) (keV)
0.70∼1.58 240.02 -0.61+0.01−0.01 383.8+8.1−8.2 -0.52+0.03−0.03 236.2+28.7−28.9 230.3+18.6−19.5 0.09+0.04−0.04 -147.5+36.7−37.1 0.35+0.81−0.24 -44.3
1.58∼1.71 111.95 -0.44+0.02−0.02 478.6+19.8−19.7 -0.66+0.06−0.05 621.1+66.5−66.8 155.8+10.2−10.5 -0.22+0.08−0.07 142.5+86.4−86.5 0.28+0.14−0.10 -367.7
2.64∼2.88 125.08 -0.49+0.02−0.02 515.0+18.8−19.0 -0.58+0.05−0.05 460.3+84.1−88.2 197.4+16.5−16.4 -0.09+0.07−0.07 -54.7+102.9−107.2 0.35+0.18−0.14 -622.0
2.88∼3.09 95.22 -0.53+0.02−0.02 632.4+30.9−30.6 -0.65+0.04−0.04 656.8+79.0−73.7 187.6+21.5−21.9 -0.12+0.06−0.06 24.4+109.9−104.3 0.23+0.52−0.13 -12.4
3.09∼3.21 87.32 -0.43+0.02−0.03 784.8+44.0−43.8 -0.73+0.05−0.06 1474.5+205.2−192.5 162.1+12.2−7.6 -0.30+0.07−0.09 689.8+249.2−236.3 0.25+0.50−0.18 -19.7
3.21∼3.60 137.87 -0.36+0.02−0.02 605.2+18.4−18.7 -0.62+0.04−0.04 939.7+93.4−93.5 149.2+7.4−7.6 -0.26+0.06−0.06 334.4+111.8−112.2 0.23+0.44−0.21 -36.7
3.60∼3.74 72.47 -0.34+0.03−0.03 593.5+34.2−34.0 -0.68+0.09−0.08 1068.1+218.2−232.0 151.0+11.2−11.1 -0.34+0.12−0.11 474.7+252.4−266.0 0.27+0.61−0.18 -20.0
3.74∼3.96 131.51 -0.18+0.02−0.02 528.9+17.2−16.9 -0.68+0.05−0.05 1421.1+174.1−178.5 140.4+4.6−4.5 -0.50+0.07−0.07 892.2+191.2−195.3 0.32+0.57−0.29 -62.7
4.10∼4.44 159.08 -0.41+0.02−0.02 347.1+10.4−10.4 -0.60+0.04−0.04 421.3+29.5−29.6 114.8+7.0−7.2 -0.19+0.06−0.06 74.2+39.9−40.1 0.20+0.09−0.07 -921.9
4.44∼4.51 60.65 -0.67+0.04−0.04 322.4+28.9−28.8 -0.92+0.11−0.11 445.3+98.1−90.8 96.6+14.8−13.2 -0.25+0.15−0.15 122.9+127.1−119.7 0.22+0.30−0.15 -207.4
4.51∼4.77 132.57 -0.64+0.02−0.02 486.0+18.9−19.0 -1.02+0.04−0.04 751.0+101.7−104.0 111.1+5.1−5.0 -0.38+0.06−0.06 265.0+120.6−123.0 0.41+0.73−0.35 -132.9
4.77∼4.95 125.55 -0.47+0.02−0.02 352.6+13.5−13.5 -0.85+0.05−0.05 582.4+66.1−69.9 89.9+3.9−4.0 -0.38+0.07−0.07 229.9+79.6−83.5 0.33+0.61−0.28 -53.9
4.95∼5.45 169.35 -0.61+0.01−0.01 412.9+11.9−11.8 -1.01+0.03−0.03 735.0+70.4−71.5 91.0+2.7−2.7 -0.40+0.04−0.04 322.1+82.3−83.3 0.35+0.59−0.33 -176.2
5.45∼5.51 74.54 -0.43+0.04−0.04 314.7+20.8−20.9 -0.89+0.09−0.16 660.2+193.7−174.4 81.5+5.4−4.9 -0.46+0.13−0.20 345.5+214.4−195.4 0.40+1.03−0.28 -92.9
5.51∼5.69 101.53 -0.49+0.03−0.03 181.4+8.6−8.5 -1.12+0.08−0.09 577.4+148.8−148.9 47.9+1.4−1.5 -0.63+0.11−0.12 396.0+157.3−157.4 0.34+0.65−0.32 -47.1
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Table S7. Results of the Time-resolved Spectral Fits of GRB 090902B
t1∼t2 S/N
Cutoff Power-Law Fitting Power-Law plus Blackbody Fitting Difference
α Ec Power-law index kT ∆αII RatioII ∆DICII
(s) (keV) (keV)
0.48∼1.05 37.21 -0.29+0.07−0.07 299.8+29.7−29.8 -1.55+0.05−0.05 90.5+3.4−3.4 -1.26+0.12−0.12 0.57+0.16−0.13 36.9
1.05∼2.60 48.00 -0.28+0.05−0.05 380.7+27.6−27.3 -1.49+0.03−0.03 112.0+3.1−3.1 -1.21+0.08−0.08 0.58+0.11−0.10 99.7
2.60∼2.75 24.19 -0.31+0.11−0.11 498.3+96.7−96.4 -1.43+0.07−0.06 128.2+8.9−8.9 -1.12+0.18−0.17 0.57+0.31−0.22 21.5
2.75∼4.36 56.12 -0.28+0.04−0.04 344.4+20.8−21.3 -1.51+0.03−0.03 103.0+2.4−2.4 -1.23+0.07−0.07 0.57+0.08−0.08 156.4
4.68∼5.94 52.03 -0.19+0.05−0.05 397.2+26.2−25.9 -1.49+0.03−0.03 126.7+3.0−3.0 -1.30+0.08−0.08 0.64+0.11−0.09 85.7
5.94∼6.04 26.05 0.05+0.12−0.12 377.8+51.0−51.8 -1.54+0.12−0.11 146.0+6.8−6.7 -1.59+0.24−0.23 0.81+0.32−0.24 -2.4
6.04∼6.70 44.89 -0.16+0.06−0.06 499.4+39.6−39.8 -1.53+0.04−0.04 161.6+4.4−4.4 -1.37+0.10−0.10 0.76+0.14−0.13 -1.9
6.70∼7.24 51.25 -0.59+0.03−0.03 1047.7+82.9−83.5 -1.59+0.04−0.04 187.3+5.5−5.5 -1.00+0.07−0.07 0.71+0.14−0.13 -114.7
7.24∼7.75 59.81 -0.72+0.02−0.02 1279.4+90.5−90.7 -1.62+0.03−0.03 199.3+6.1−6.0 -0.90+0.05−0.05 0.71+0.15−0.13 -185.9
7.75∼8.04 59.62 -0.98+0.02−0.02 2429.5+214.5−218.4 -1.65+0.03−0.03 253.4+10.6−10.5 -0.67+0.05−0.05 0.67+0.20−0.15 -222.7
8.04∼9.23 133.37 -1.14+0.01−0.01 2736.4+137.7−138.0 -1.74+0.01−0.01 228.6+4.5−4.6 -0.60+0.02−0.02 0.65+0.08−0.08 -1306.4
9.23∼9.74 98.08 -1.25+0.01−0.01 3163.4+280.8−281.2 -1.76+0.02−0.02 180.0+5.4−5.4 -0.51+0.03−0.03 0.54+0.10−0.09 -447.5
9.74∼9.81 51.14 -1.09+0.03−0.03 1635.5+256.2−255.6 -1.82+0.06−0.05 149.9+7.0−6.9 -0.73+0.09−0.08 0.62+0.21−0.15 -132.0
9.81∼10.07 76.08 -1.16+0.02−0.02 1727.8+177.4−177.1 -1.78+0.03−0.03 144.3+4.9−4.9 -0.62+0.05−0.05 0.55+0.12−0.11 -218.0
10.07∼10.92 107.41 -1.15+0.01−0.01 2554.4+160.6−160.6 -1.78+0.02−0.02 201.0+4.8−4.8 -0.63+0.03−0.03 0.65+0.11−0.09 -821.7
10.92∼11.09 61.85 -0.98+0.02−0.02 1516.1+155.1−157.2 -1.70+0.04−0.04 169.7+6.2−6.3 -0.72+0.06−0.06 0.61+0.17−0.13 -160.2
11.09∼11.42 67.86 -1.12+0.02−0.02 1904.0+196.6−196.6 -1.80+0.04−0.04 161.5+5.7−5.7 -0.68+0.06−0.06 0.62+0.15−0.13 -246.9
11.42∼12.11 81.20 -1.10+0.02−0.02 1770.6+152.2−151.7 -1.75+0.03−0.03 151.9+4.1−4.2 -0.65+0.05−0.05 0.57+0.10−0.09 -323.3
12.11∼12.22 22.09 -1.50+0.12−0.12 467.0+245.4−224.1 -1.89+0.07−0.07 27.3+3.7−3.7 -0.39+0.19−0.19 0.13+0.15−0.07 -11.0
12.22∼12.51 62.70 -1.03+0.04−0.04 385.6+43.3−43.5 -1.60+0.02−0.02 43.3+2.4−2.4 -0.57+0.06−0.06 0.15+0.06−0.04 58.7
12.51∼12.99 51.63 -1.17+0.07−0.07 135.9+17.5−17.4 -1.85+0.03−0.03 20.2+1.0−1.0 -0.68+0.10−0.10 0.14+0.05−0.04 -14.9
13.04∼13.47 94.90 -0.79+0.03−0.03 258.2+15.4−15.4 -1.54+0.02−0.02 41.1+1.1−1.2 -0.75+0.05−0.05 0.19+0.04−0.03 196.4
13.47∼14.02 80.58 -0.87+0.03−0.03 305.1+21.9−21.6 -1.58+0.02−0.02 47.6+1.7−1.7 -0.71+0.05−0.05 0.20+0.04−0.04 190.2
14.02∼14.43 81.53 -0.71+0.02−0.02 678.1+44.1−44.1 -1.58+0.02−0.02 123.9+3.1−3.1 -0.87+0.04−0.04 0.53+0.09−0.08 166.1
14.43∼14.64 45.07 -1.06+0.04−0.04 820.7+145.7−142.5 -1.60+0.03−0.03 88.9+7.9−7.6 -0.54+0.07−0.07 0.24+0.14−0.09 75.7
14.64∼14.98 67.66 -0.74+0.03−0.03 564.2+44.4−44.4 -1.56+0.02−0.02 94.3+3.1−3.2 -0.82+0.05−0.05 0.41+0.09−0.08 131.9
14.98∼15.21 66.84 -0.64+0.03−0.03 676.6+52.5−52.4 -1.51+0.02−0.02 124.7+3.9−3.9 -0.87+0.05−0.05 0.50+0.10−0.09 229.3
15.21∼15.69 76.43 -0.64+0.03−0.03 840.0+53.6−53.8 -1.57+0.02−0.02 156.4+3.5−3.5 -0.93+0.05−0.05 0.64+0.10−0.09 -6.5
15.69∼16.14 63.38 -0.89+0.03−0.03 505.1+49.4−49.4 -1.56+0.02−0.02 70.4+3.0−3.0 -0.67+0.05−0.05 0.25+0.07−0.05 48.0
16.14∼16.73 89.98 -0.73+0.02−0.02 580.9+34.6−34.4 -1.55+0.02−0.02 103.9+2.6−2.6 -0.82+0.04−0.04 0.43+0.07−0.06 206.3
16.73∼17.53 81.50 -0.80+0.03−0.03 378.4+26.5−26.3 -1.55+0.02−0.02 61.8+1.9−1.8 -0.75+0.05−0.05 0.25+0.05−0.04 161.3
17.53∼18.36 70.81 -0.88+0.03−0.03 355.1+28.3−28.2 -1.56+0.02−0.02 50.5+2.0−2.0 -0.68+0.05−0.05 0.19+0.05−0.04 155.9
18.36∼18.77 62.56 -0.89+0.04−0.03 523.3+54.8−54.7 -1.52+0.02−0.02 62.6+2.9−2.9 -0.63+0.06−0.05 0.21+0.06−0.05 131.0
18.77∼19.25 46.41 -1.02+0.05−0.05 276.5+37.6−37.9 -1.59+0.03−0.03 32.7+2.1−2.1 -0.57+0.08−0.08 0.11+0.05−0.03 20.0
19.25∼20.06 110.07 -0.73+0.02−0.02 356.2+18.0−17.9 -1.50+0.01−0.01 58.5+1.5−1.5 -0.77+0.03−0.03 0.24+0.04−0.03 501.2
20.06∼20.52 64.89 -0.95+0.04−0.04 382.6+37.5−37.5 -1.52+0.02−0.02 40.9+2.3−2.3 -0.57+0.06−0.06 0.12+0.04−0.03 122.2
20.52∼20.58 33.13 -0.87+0.08−0.08 684.5+171.1−184.6 -1.47+0.04−0.04 70.9+7.4−7.3 -0.60+0.12−0.12 0.20+0.14−0.09 24.3
20.58∼20.82 46.76 -0.75+0.06−0.06 188.9+19.7−19.8 -1.61+0.03−0.03 37.0+1.7−1.7 -0.86+0.09−0.09 0.21+0.06−0.06 48.0
20.82∼21.00 51.78 -0.75+0.05−0.05 329.9+36.6−37.1 -1.49+0.03−0.03 49.3+2.8−2.7 -0.74+0.08−0.08 0.19+0.07−0.05 79.1
21.00∼21.16 35.59 -0.99+0.08−0.08 214.0+36.2−37.2 -1.57+0.03−0.03 24.8+1.8−1.8 -0.58+0.11−0.11 0.11+0.05−0.04 -1.2
21.27∼22.18 89.38 -0.80+0.03−0.03 264.6+16.3−16.5 -1.54+0.02−0.01 42.6+1.2−1.2 -0.74+0.05−0.04 0.18+0.03−0.03 158.4
22.18∼22.35 25.75 -0.52+0.16−0.16 55.2+7.7−8.0 -2.09+0.14−0.14 20.0+1.2−1.2 -1.57+0.30−0.30 0.37+0.17−0.13 2.1
22.93∼23.08 34.26 -0.99+0.06−0.06 713.8+164.9−165.5 -1.62+0.05−0.05 82.0+8.3−8.2 -0.63+0.11−0.11 0.29+0.20−0.13 29.2
23.08∼23.32 22.99 -1.06+0.12−0.11 164.7+35.7−38.0 -1.83+0.07−0.07 26.5+2.5−2.5 -0.77+0.19−0.18 0.19+0.14−0.08 7.0
23.32∼24.04 23.29 -1.56+0.13−0.14 166.6+51.8−59.2 -2.08+0.07−0.07 14.7+2.3−2.4 -0.52+0.20−0.21 0.10+0.16−0.06 -1.2
24.04∼24.24 30.08 -0.86+0.09−0.09 278.9+54.2−55.0 -1.59+0.05−0.05 44.4+3.1−3.1 -0.73+0.14−0.14 0.20+0.10−0.07 -14.6
24.24∼24.36 31.74 -0.87+0.10−0.10 186.6+34.6−35.4 -1.69+0.06−0.06 33.8+2.6−2.6 -0.82+0.16−0.16 0.21+0.11−0.08 10.3
32 Li.
Table S8. Results of the Time-resolved Spectral Fits of GRB 160107
t1∼t2 S/N
Cutoff Power-Law Fitting Power-Law plus Blackbody Fitting Difference
α Ec Power-law index kT ∆αII RatioII ∆DICII
(s) (keV) (keV)
0.10∼4.73 38.19 -1.40+0.05−0.05 322.5+62.4−64.2 -1.77+0.03−0.03 24.0+2.2−2.3 -0.37+0.08−0.08 0.07+0.05−0.03 -3.3
4.73∼18.08 45.68 -1.62+0.05−0.05 283.3+55.0−54.9 -1.96+0.03−0.03 20.3+1.8−1.8 -0.34+0.08−0.08 0.07+0.04−0.03 -4.9
18.09∼27.82 29.50 -1.72+0.08−0.08 492.5+238.8−228.6 -1.89+0.04−0.05 12.2+4.0−3.4 -0.17+0.12−0.13 0.03+0.14−0.03 -42.0
18.09∼27.82 29.50 -1.72+0.08−0.08 492.5+238.8−228.6 -1.88+0.04−0.05 11.7+3.5−3.4 -0.16+0.12−0.13 0.03+0.15−0.02 -43.6
27.82∼28.28 35.13 -1.00+0.06−0.06 314.6+50.0−49.4 -1.57+0.03−0.03 36.8+2.5−2.5 -0.57+0.09−0.09 0.12+0.05−0.04 8.6
28.28∼28.75 21.62 -1.30+0.11−0.11 295.6+103.5−109.4 -1.72+0.06−0.06 23.0+4.4−4.5 -0.42+0.17−0.17 0.07+0.13−0.05 -6.3
28.75∼31.47 27.10 -1.68+0.08−0.08 532.4+247.7−238.4 -1.98+0.06−0.06 24.1+3.5−3.4 -0.30+0.14−0.14 0.07+0.09−0.04 -5.2
33.31∼33.85 20.08 -1.06+0.14−0.14 181.6+53.5−57.8 -1.70+0.06−0.06 23.4+2.7−2.7 -0.64+0.20−0.20 0.12+0.10−0.06 -2.4
74.40∼75.08 24.50 -1.68+0.08−0.08 741.1+444.2−377.7 -1.86+0.06−0.07 17.8+11.6−12.7 -0.18+0.14−0.15 0.03+0.65−0.03 -1722.1
75.08∼77.13 27.40 -1.71+0.09−0.10 223.9+72.2−76.7 -2.10+0.06−0.05 15.9+2.2−2.2 -0.39+0.15−0.15 0.08+0.11−0.04 -7.9
